P ediatric sleep-disordered breathing (SDB) is a diagnosis that reflects a spectrum of symptoms and conditions, ranging from snoring to upper airway resistance syndrome to obstructive sleep apnea (OSA). The prevalence of snoring in children has been reported to be at least percent, , and it is the most prevalent symptom of pediatric obstructive sleep apnea (POSA). In contrast, the prevalence of POSA is reported to be from through percent.
Pediatric SDB symptoms include habitual snoring, excessive daytime sleepiness, disturbed sleep and daytime neurobehavioral problems. , Although tonsil and adenoid hypertrophy is acknowledged generally as the most common etiology of SDB, evidence indicates that a growing number of other risk factors contribute to SDB such as obesity, craniofacial anomalies, neuromuscular disorders, nasal abnormalities, waist circumference, metabolic factors, neck circumference, ethnicity, asthma, local environmental irritants and preterm birth. If SDB is left untreated, it can be a cause of significant morbidity in children and could lead to growth failure, neurocognitive and behavioral abnormalities, and cardiovascular effects, including cor pulmonale, ventricular dysfunction and systemic hypertension.
SDB is of significant relevance to practicing dentists as it has been associated with a variety of oral and craniofacial problems, such as a retrusive chin, Class II malocclusion, vertical growth direction and sleep bruxism. assessment of SDB in children. However, conducting PSG sleep studies is onerous and labor-intensive, leads to substantial discomfort for children and their families, and is relatively inaccessible to children. Waiting times between referral for evaluation and diagnosis commonly are five to six months worldwide. The relative complexity and costs associated with PSG for diagnosing most sleep disorders has spurred the quest for alternative diagnostic methods, particularly for children. The alternative diagnostic methods that have been evaluated include medical history and physical examination, , audiotaping, videotaping, pulse oximetry and abbreviated PSG.
Investigators in numerous studies have assessed the accuracy of clinical symptoms and signs in indicating the presence of POSA, but they found that the accuracy varied significantly for different symptoms and signs, as well as across studies. This scenario supports the execution of systematic reviews and meta-analyses to determine which signs and symptoms can be used in the diagnosis of SDB. Authors of systematic reviews have evaluated the diagnostic value of questionnaires, clinical assessments or both as related to the use of PSG to diagnose SDB in children.
However, these reviews focused on the physician's use of these methods, ignoring the growing role of dentists. - We have identified potentially pertinent studies , -that were not included in the previous systematic reviews for different reasons.
Because dentists commonly are not able to make referrals for PSG, we conducted a systematic review to evaluate the diagnostic value of alternative tests that are available in dental practice-specifically, clinical history, physical examination or both-to diagnose SDB in children.
METHODS
We conducted this systematic review by following the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) checklist. We did not register the systematic review protocol.
Eligibility criteria. We selected only articles in which the primary objective was to evaluate the diagnostic capability of a clinical evaluation (that is, clinical history, physical examination or both), questionnaire or both to diagnose pediatric SDB. Full PSG had to be used as the reference test. The evaluated population had to be children from to years of age. We considered studies that were published in any language. We excluded published reviews, letters and personal opinions.
Information sources and search strategies. We developed detailed individual search strategies for each of the following bibliographic electronic databases: MED-LINE, PubMed, Embase, Cochrane Library and LILACS. (More information on the search strategies is provided in Appendix , which can be found in the supplemental data to the online version of this article [found at http:// jada.ada.org/content/ / / /suppl/DC ].) We also hand searched the reference lists in the selected articles for any additional references that might have been missed in the electronic database searches. We undertook a gray literature search by using Google Scholar. We limited this search to the most recent hits. We conducted all searches from beginning dates through Aug. , , across all databases. We managed the references by using software (RefWorks-COS, ProQuest, Bethesda, Md.) and removed duplicate hits.
Study selection. We selected articles in two phases. In phase , two authors (G.L.C., V.S.) independently reviewed the titles and abstracts for all of the references. They excluded any articles that did not appear to meet the inclusion criteria from further evaluation. In phase , they applied the same selection criteria to the full text of the articles to determine which ones to include, as some abstracts may have presented study details incorrectly or only partially. The same two authors independently reviewed all full-text articles. Any disagreement in the first or second phase was resolved by means of discussion and mutual agreement between the two authors. A third author (C.F.-M.) became involved, when required, to make a final decision.
Data collection process. One author (G.L.C.) collected the required information (authors, year of publication, country, sample size, ages of participants, methods, index test, reference standard and findings) from the selected articles. A second author (V.S.) cross-checked all the retrieved information. Again, any disagreement was resolved by means of discussion and mutual agreement between the two authors. The third author (C.F.-M.) was involved, when required, to make a final decision.
Data items. For each of the included studies, we recorded the author, year of publication, country, size and demographic features of the sample (age range and mean), type of diagnostic approach (questionnaire, clinical, PSG) and the results related to diagnostic capabilities of the tests.
Risk of bias in individual studies. We evaluated the methodology of selected studies by using the -item Quality Assessment Tool for Diagnostic Accuracy Studies (QUADAS). Two authors (G.L.C., V.S.) scored each data item as "yes, " "no" or "unclear" and assessed independently the quality of each included study. The third author (C.F.-M.) resolved any disagreement between the authors. Summary measures. Sensitivity and specificity of the diagnostic tests were the main outcomes evaluated.
Synthesis of results. We evaluated the diagnostic capability of the clinical criteria or questionnaire against PSG. We combined the individual results by means of a meta-analysis by following the appropriate Cochrane Collaboration guidelines. We used software (Review Manager . , The Nordic Cochrane Centre, Copenhagen, Denmark) to construct receiver operating characteristic (ROC) graphs and forest plots as part of the meta-analysis. Some of the required data were not specified in the articles, so we had to calculate the data or obtain it from the articles' authors.
Risk of bias across studies. To decrease heterogene-
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Articles excluded because unavailable/incorrect data for meta-analysis (n = 1) on April 10, 2014 jada.ada.org ity, we separated the studies into four groups to conduct the meta-analysis according to the index test (questionnaire, questionnaire and physical examinations, questionnaire or physical examinations and other tests, and physical examinations and another test). Additional analyses. We conducted additional analysis by using positive predictive values (PPV), negative predictive values (NPV), positive likelihood ratios (LR+), negative likelihood ratios (LR-), diagnostic odds ratios (DOR) and Youden index.
Diagnostic terminology. Definitions of the diagnostic terms we used and what they imply can be found in Appendix in the supplemental data to the online version of this article (found at http://jada.ada.org/ content/ / / /suppl/DC ).
RESULTS
Study selection.
In phase , we found , references across the five electronic databases. After we removed the duplicate articles, we had , different references. After we conducted a comprehensive evaluation of the abstracts, we excluded , articles, resulting in a final and one article used only physical examinations and other tests. A summary of the descriptive characteristics of included articles is provided in Table . , , , , , -, -Risk of bias within studies. The overall percentage of the QUADAS criteria for each article is provided in Table . , , , , -, -The percentage of QUADAS criteria met ranged from . to . percent.
Results of individual studies. The results of , , , -, , , , -, of the articles concluded that questionnaire, physical examination or both or some selected signs or symptoms can diagnose pediatric SDB reliably. The results of , , , , , -, articles showed opposite findings.
Synthesis of results. We constructed a diagnostic table by using the data extracted from each article (Table   , , , , -, - ). In Table , we present all accuracy measurements (we evaluated accuracy by means of the sensitivity and the specificity of the test). We divided the studies into four groups according to the index test (questionnaire, questionnaire or physical examinations, questionnaire or physical examinations and other tests, and only physical examinations and other tests). The investigators in some studies provided more than one accuracy measurement for different parts of the same index test (for example, results for several items of one questionnaire). These data are shown in Table   , , , (page ). Only articles , , , , , , , , -had enough data to be included in our quantitative synthesis (metaanalysis). We contacted one of the authors of an additional article and asked him to provide some missing data. Although we received some extra data, it still was not possible for us to include those data in the metaanalysis owing to missing information. In the included articles, investigators analyzed , people. The diagnostic accuracy (that is, sensitivity, specificity and percent confidence interval) of the studies included in a meta-analysis is shown in Figure   , , , , , , , , -(page ). Sensitivity and specificity for different selected on average, found that when both tools are used there probably will be a better performance and a better chance of making a correct diagnosis. Figure   , , , , , , , , - (page ) shows the ROC graphs from four index tests.
Risk of bias across studies. The main methodological limitations of the studies were related to poor reporting of QUADAS items four ("Is the time period between reference standard and index test short enough to be reasonably sure that the target condition did not change between the two tests?"), and ("Were the index test results interpreted without knowledge of the results of the reference standard?" and "Were the reference standard results interpreted without knowledge of the results of the index test?") and ("Were uninterpretable/intermediate test results reported?"). Investigators did not assess interobserver agreement in all of the studies.
Additional analysis. Chervin and colleagues had the highest LR+ value, and Chan and colleagues reported the highest LR-value. Regarding PPV and NPV, Chervin and colleagues, Supriyatno and colleagues and Yang and colleagues had the highest PPV, whereas Goldstein and colleagues, Li and colleagues and Chervin and colleagues had the highest NPV. This finding means that investigators in the first three studies , ,
were relatively good at identifying who really had SDB (true positive), and the investigators in other three studies , , were better at identifying who did not have the SDB (true negative).
According to the classification presented in Appendix in the supplemental data to the online version of this article (found at http://jada.ada.org/content/ / / / suppl/DC ), Chervin and colleagues, Li and colleagues and Supriyatno and colleagues reported fair Youden index ( . , . and . , respectively) values. The investigators in other articles found significantly lower Youden index values. Investigators in none of the articles reported Youden index values close to , which would indicate high accuracy.
We found three studies , ,
with DORs higher than those in the other studies, which means that the patients who had SDB could be identified more often than patients without SDB ( . times more in Chervin and colleagues, . times more in Li and colleagues and . times more in Chervin and colleagues ) (Table ) . When we considered the signs and symptoms of SDB individually, some of them had better results than the others (Table ) . The item that had the highest sensitivity ( percent) was "snoring every night. " However, the specificity for this item was only fair ( percent). This item also had the highest DOR ( . ). "Watches child sleeping, afraid about breathing" had excellent sensitivity ( percent) but poor specificity ( percent). "Long adenoid faces, " "midface hypoplasia, " "micrognathia/retrognathia, " "observable apnea" and "observed cyanosis" had excellent specificity but poor sensitivity. ,
DISCUSSION
Summary of evidence.
In this systematic review, we investigated the available evidence about the diagnostic 57 graded tonsil size by direct visualization: 0, not visible; 1, extending to the pillars; 2, enlarged beyond the pillars but not meeting uvula; 3, meeting the uvula; and 4, "kissing" at the midline. Moderate to severe tonsillar hypertrophy was defined as grade 3 or above. capability of the questionnaire, physical examinations or both for diagnosing SDB in children. This subject is particularly important, because SDB is recognized as a potential cause of significant morbidity in children. Among the health care professionals treating children, dentists are positioned uniquely to identify pediatric SDB by either carefully considering the SDB-related answers during the medical history intake or identifying the apparent craniofacial consequences of SDB. The frequency of dental visits also plays a role. A key question is whether dentists have easy access to reliable alternative diagnostic tools. We found a diversity of alternative tests that were compared with the current reference standard (PSG).
In our study, we found that investigators in only two studies reported excellent sensitivity. , However, although Chervin and colleagues reported good specificity, Goldstein and colleagues reported poor specificity. In other words, Chervin and colleagues reported a good ability to identify patients both with and without SDB, and Goldstein and colleagues reported the ability to identify SDB patients, but they were not able to identify those who did not have SDB.
Although no individual sign or symptom had excellent sensitivity and excellent specificity, some items (that is, "long adenoid faces, " "midface hypoplasia, " "micrognathia/retrognathia, " "observable apnea" and "observed cyanosis") had excellent specificity, which means that in the absence of these signs or symptoms, a person is less likely to have SDB.
In summary, only the Pediatric Sleep Questionnaire (PSQ) had a diagnostic accuracy good enough to be used as a screening method for SDB. However, the results of the PSQ showed diagnostic values (NPV, LR+, LR-and Youden index values) that were not sufficient for it to be considered a true diagnostic tool for pediatric SDB. Overall assessment. Although investigators in most of the articles concluded that some questionnaires, physical examinations or both or some selected signs or symptoms could be useful for reliably diagnosing pediatric SDB, the results of the meta-analysis indicated a contrasting situation. We found that only the PSQ was a valid instrument that could be used to screen for pediatric SDB. The remaining alternative diagnostic tests did not satisfy the criteria to be an acceptable diagnostic or screening tool. The authors of three systematic reviews -reported that almost every sign or symptom or combination of signs and symptoms had poor accuracy in diagnosing SDB. Investigators in only one of the reviews identified a few tests with acceptable or excellent diagnostic test accuracy in predicting OSA by means of PSG. These tests included sleep laboratorybased polygraphy, anterior rhinomanometry and urinary biomarkers. However, the authors stated that there was insufficient evidence to recommend any of these tests as alternatives to PSG for the diagnosis of POSA. In addition, the investigators in three systematic reviews -did not include the article that we found that included the tool with the best accuracy. We found this article when we hand searched the selected articles' reference lists.
Another finding was that when a questionnaire was associated with a physical examination, the performance of the test improved. This finding emphasizes the importance of clinical examinations in the diagnosis of SDB.
SDB is of significant relevance to practicing dentists, as it has been associated with a variety of oral and craniofacial problems, such as retrusive chin, Class II malocclusion, vertical growth direction and sleep bruxism.
Considering this association, we found it unusual that only one of the articles we included in our systematic review was published in a dental journal. It is important to increase dentists' understanding regarding available appropriate screening methods for SDB. Once a pediatric dental patient is identified as being highly likely to have SDB, the dentist should make a proper referral to a pediatric sleep medicine specialist for definitive diagnosis and treatment.
Limitations. Our review had some methodological limitations. Most of the identified studies used a sample from sleep centers or children with complaints about snoring or other breathing symptoms. This can affect the prevalence, which can bias the accuracy of diagnostic tests. In other words, the identified tests that provided acceptable diagnostic values would not respond similarly among the overall population of a pediatric practice. The test results likely will present a wrong result under the typical conditions of a pediatric dental practice. Investigators in only three studies , , used a sample of children without previously known breathing problems. None reported acceptable accuracy.
The main methodological limitations of the selected studies were the same as those identified in the previous reviews: time between the diagnosis with the reference standard and the alternative tests, , lack of a masked interpretation of the reference and alternative tests, , and reporting of confusing test results.
Although we know that the period between the index test and PSG might have an impact on the results, this time frame generally was not mentioned in the articles. Investigators in only one article stated clearly that the tests were masked, but we did not include this study in the meta-analysis because it had incomplete data. In all of the studies, interobserver agreement was not assessed, and it was not clear how many investigators analyzed the test results or if their techniques were calibrated.
Recommendations for future research. In the future, we need to improve the evaluation of the alternative diagnostic tests for pediatric SDB by increasing the sample size and improving the methodological quality of validation studies. The quality can be improved by conducting well-controlled and masked studies. We also need to have a better understanding of the pathophysiology of SDB to devise logical algorithms aimed at screening and diagnosing SDB.
CONCLUSIONS
The PSQ had the best diagnostic accuracy of the evaluated tests. Because it did not attain diagnostic values high enough to replace the current reference standard, PSG, dentists should use it as a screening tool to identify pediatric SDB. This should improve the referral process to pediatric sleep specialists. . http://srdta.cochrane.org/sites/srdta.cochrane.org/files/uploads/ Chapter -Version . .pdf Accessed Jan. , .
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